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@ Modular flat-seref n television displays and modules and circuit drives therefor. 

(£) A modular flat-screen television display having a ^ 
large area image can be made using an array of 
modules of easily, manufacturabte size and prefer- 
ably removable. .The image on each module extends 
to the edge of the module so that when placed in the 
array there Is no substsntiaT interruption in the televt* V < 
sion image since the distance between modules is 
the same as the distance b e tw e en picture elements 
within the modules. Control and drfce circuitry en- 
able each .module to be driven at the same time, 
thereby decreasing thfr tbne it takes to refresh the 
entire display. The modules contain picture elements 
which may be emissive, reflective or transmissftve. 
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MOOULAR FLAT-SCREEN TELEVISION DISPLAYS AND MODULES AND CIRCUIT DRIVES THEREFOR 



" FIELD OF THE INVEI^mON 



The present invention relates to a flat-screen 
television display and more particularly to a flat- 
screen television display made of modules where 
the image is : uninterrupted by the "boundaries be- 
tween modules. 



BACKGROUND OF THE INVENTION 



The concept of a large area fiat-screeri televi- 
sion display which could be hung on a wail like a 
picture has been contemplated since the cbmmor- 
ciai introduction of the cathode ray tube television 
display in the 1940's. Despite pronouncements 
throughout the 1950 3 s and I860 ff a that 1^-screen 
television display would shorty become a comme*- 
cial reality, thai did not come to pass* The tech- 
nical problems encountered In the development 
caused the cathode ray tube to remain essentially 
the exclusive way of reproducing video images. 

The development of the liquid 'crystal active 
matrix flat-screen television display at Westing- 
house Electric Corporation during' the 1970*3 
brought new life and substance to flat-screen tele- 
vision. See United States Patent No. 3,840,695. 
Thie^flat-screen display used riematfc' liquid crystal 
as ah electro-optic medium which' would transmit 
light or not transmit, light .depending bh tj?e eleo» 
trie potential applied aerobe it This display con- 
sisted of a glass substrate on which an oirthogenai 
array (or* "nutria") of thin flirir transistors, cor- 
responding to picture elements (or "pixels*) in the 
display, was deposited together with transparent 
contact pads spaced tn a regular pattern, &.Q.. 1 
millimeter on center, for contacting q* 
the liquid crystal layor/Ccfiductive stride/ in rows 
and columns, were aJso deposited between the 
picture elements over the substrate, the row strips 
being connected to the gate electrodes of the tran- 
sisters and the column strips connected to the 
source electrodes of the transistors. The drain elec* 
trodes of the transistors are connected to the con- 
tact pads. A second, common transparent contact 
was placed over the opposite, side of the liquid 
crystal layer to allow a potential to be applied 
, across' jt completing . the , picture; elements of the 
matrix 

. Each picture element of the display could be 
individually programmed, for each frame of a tale- 
vision picture, to the appropriate brightness, by 
storing a line of a frame in a peripheral horizontal 



' analog shift register disposed at the top of the 
columns of the display. An entire row .of switching 
r transistors couid then be activated by means of a 
vertically 'disposed digital shift register controlling 
s the rows; Which then resulted in the transfer of the 
analog voltage levels stored in the analog shift 
register at the top of the columns into the storage 
' capacitors of tHat row. By repeating this sequence 
for each row Sf the matrix 1 sequentially, in synchro- 
io nism with the incoming video signal, t the entire 
41 frame^was conkrucieel In actual practice, tfie stor- 
age capacitor' for* each picture element could con- 
sist of the liquid crystal layer itself, thus simplifying 
" . thS driving circuit" td a singte switching transistor at 
75 ' *each picture eleirieht With /an analog shift register, 
an entire television frame could be generated by 
the timing and control circuit in real time, e.g., 33 
msec. Also, the, normally sluggish liquid crystal 
medium was able to- show- moving grey scale im- 
20 ages of considerable perfection using this configu- 
ration. A color display .was also produced by plac- 
l\ y Trig a patterned ^red^i^n^ijid filter adjacent the 
,: J r active matrix so rthat aach picture element could 
r also be cccrdSnated with the color components of a 
2S v coior ^deo sjgni. /I ; f . , I'" 

These active matrix liquid crystal fiat-screen 
displays have beOT^ahd are being made commer- 
' " daily for pocket sfcze televisions. However, their 
; : size has-been limited by the acceptable yield 
30 achievabte K with present manufacturing techniques. 

Typical active matrix . liquid crystal displays have 
y ^ beerr'2 to 3 inc^ diagonal, although in ddvelop- 
' ' mi^ iat»r^ been made up to 10 

inches dia^^The latter, however, have not been 
33 made to rriy ^knowledge witfv acceptable yield. 
Moreover, even when such displays were success- 
fully built an added problem was the prospect of 
tailzied detects ^ocairring In the display which 
could not be remedied without rejection or replace- 
& merit of the entire display. Also, such liquid crystal 
' displays needed a retaining wail to confine the 
liquid crystal in the image forming central area, and 
outside of Ws watt, substantial terminals were 
needed for each column and row of the matrix for 
4S Interconnection with columri and row driver circuits. 
For this reason, modular constructions of such dis- 
plays were impractical, since the image area of 
: ' each module was bounded by a wide opaque mar- 
r ' gin. it has be^n proposed to modularize the con- 
so struction by limiting tho columri and row terminals 
to two or three sides, see United States Patent No. 
' , 4,156,833; however, this limited the number of 
modules for a display typically to two or at most 
four, and in turn limited the size of the display. 
Modular constructions of very large cathodo- 
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luminescent and liquid crystal displays have been 
made for stadiums and the like. These displays, up 
to 25 x 40 i meters in size, have, b^n : rpa<|e wjtjh a 
large number of modules; however they r are char- 
acterized by very coarse resolution resulting from 
very large pi<^re elements, e.g.. one inch square, 
the boundaries of the modules in these large pan- 
els; particularly those constructed of liquid crystal 
modules, are visible in the resulting overall image, 
and producp a very unde^ir^ie effect 
. . Sectrolumine^ have, -also been 

contemplated for use in flat-screen television dis- 

t plays. .1^ so- 
phisticated electronics. Eledroli^inescent phos- 
phor displays operate at much higher vottages than 
liquid crystal displays, and in such an active matrix, 

' . two transistors ami a capacitor are needed at each 
v , picture element to perform the ^ switching junction 
performed, by one transistor in a liquid crystal die- 
; play. See- United States Patent Nos. 4.006.383, 

; >^4i854a^4,t^,959, ;'. V ? . 

Nummary of the inventioK I y 

>: The present invention Is emq&far fist-screen 

/ televfslpn display cajp^±^,. of a large area image 
: comprised" pf ah array of mqdijie^ of readily man- 
ufacturabfe sixe. the modules are of such size to 
provide good nnanqfacturing yields and small 
enough to be re jecrtabte or r ^ 

/ l§w cost wrtfi t^moi^ 
facture becoming jarg<i^ as m 
njjquae Impnfo^ ex- 
tend*, to the .,«Jj^/ r of--.ift^" 'mijiAtfii. ^b"'lhit when 
placed in' the array with similar modulea, vertically 
and horizontally, th^re If no substantial Irrterruption 
in the television imagf prb<fejc»d by the array. The 
modules sure typically fec^^W in sha^ and are 
alike, although <fHigHrB«it /shaqp^rt/iAhcl " absiKi _module^ 
may be used as desired ;.$o, long as they mate to 
form the desired array;/ The "size of the modules la 
a trade-off against the complexity of the control 
and drive circuits; the smail^ r the modules the 
higher the manufacturing yi^lcl, ^rki the mpna com- 
plex the control arid, drive ci^ita for a display of a - 
. giyensize* V " \'./7 " ,.'.7'- 

, The flat^^o ^ 

u . of a plurality of mpdulo« portioned ^Jac^ each 
i . other to form an array the i^$'Jfte desired flat- 
screen. Each module has a.sujtisSaie with first and 

. second major surfaces and edge surf aces. A matrix 
of picture , elements , or 

picture elernents extends. ; ; <i^ f ' v the*/flnrt ; major sur- 
face of the substrate spaced iq , a regular pattern, „ 
with boundary picture elements or conductive pads 
adjacent the edge surfaces P^the substrate to 



distances such that the regular pattern is continued 
substantially uninterrupted between adjacent mod- 
uiea..^ , „ . . ,<•,...,.-. j 

In each module, a matrix of electrical switching 
s elementsr extends over the first major surface of the 
substrate with each switching element capable of 
activating a picture element or conductive pad 
upon receiving electrical signals through both row 
, , and column, conductive strips. The row and column 
rp. V conductive strips each extend oyer the first. major 
^ surface from adjacent an edge surface to adjacent 
> an opposite edge surface .of the substrate such that 
each switching element can be . electrically acti- 
vated by a row conductive strip and a column 
rs conductive strip. Preferably, at least one set of row 
and one set of column .conductive strips are pro- 
vided adjacent picture elements side-by-side while 
retaining the corresponding distance between pic- 
. c ^re elements of the, matrix An eleptrical drive 
20 n i ' circuit Js. also positioned adjacent the second major 
. surface of ttie substrate and jjapable of electrically 
' activating the switching elements In porrespon- 
|, v . % ' dance to desired video images to be reproduced 
, ty the picture elements over the first major surface 
2£, of the substrate. Finally, each module has intercon- 
riectf ng c^ adjacent the edge 

surface of the substrate, eie<^r|caily c»nne<^ng the 
t drive drcutt adjacent the second major surface with 
v m "'"" s "V*tj»" "!rqw_ .vtdi cotomn coni^ the 
3& first major surface, and is electrically insulated from 
like interconnecting conduct strips on adjacent 
K!. rhodulesi. ' " 
1 / The picture elements of j^e modules may be 
^ ^ emissive^ reflective or transmissive: ,.Whefre : emis- 
3d sive picture efements are employed r suitable elec- 
^ * ' titoti^hesc^ powdefo*are: tor' blue col- 

i ;; r '<^/ a8^:iBr ; , or ZnS,Cu:l; tor greisn color, 
^ 2^S,Oj:Bt wtm m thin* ^ fa yellow 

r ; ° c&idr; 7 ^Cc(i3 t Cu:Br dr ^i^i^S,Cu:8r or 
4<P i:r Zh}^j&X&te£ arid jtor -^''"coier^ ;a]5e,Cu:Br f 
* W^^ J( -bu:Br or Zn7Cd 3 3,Cu:Br t tbgetiw with a 
*/ : ^r^ ; jciy* .ov^ay filter. The phosphor powder is 
,? ? ^atperssrt In a binder with a high dielectric con- 
' ;^)rtan£ /UtOTatlvely, ^e<^li^lrtescent filnris con- 
4a [ "f ^stfno. ' tor 1 ei£a^^ter ; of r ZhSrSm tor red color, 
^ ^ for blue color 

" ^ ^'G&iM\** usiacl for emisilytf picture elements. Alter- 
% ?iy njiyel^ tor reflectMi picture alemente, eiectrostatic 
' Vi i display devices with variable flexibility can 'be used 
so' such as those described in United States Patent 
' ' hiba./3,89739? t l f$eB,Z37, : ; 4,ld5i&4, 4;266,339, 
^ ;^4,338,53e, and 4J 68,883. : 

; i? " Alterhatively, and preferably, however,; the pic- 
? tore elements kre either ^ reflective or fraiismissive 
ss ^lerhente comprised of if light modulating jfilm com- 
posed of a liquid crystal dispersion in a polymeric 
binder. Suitable films are described in United 
^ Stetea Patent Nos ; 4,435,b47 ^"and^ 4;6&j900. If re- 
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flective, each, module has a mirror surface on the 
first major surface of the, substrata over which the 
picture elements, ^switching elements and conduc- 
tive strips are positioned, preferably with an opaq- 
ue mask layer in the areas of conductive, strips and 
switching elements, to improve the contrast of the 
reproduced video, picture. # transmission a light 
source for one or more modules is positioned adja- 
cent the second major surface of the substrata, and 
a frame is formed as an extension of the edge 
surfaces of the substrate and capable of transmit- 
ting the light through the .substrate. The light 
source. may in some transmission embodiments, as 
desired, be common, to ai3 modules in the array, 
end the drive circuit tor esch. module is mors 
specifically positioned adjacent the frame. Alter- 
natively, separate light .sources are provided for 
each module surrounded by the frame and each 
module has a backer board positioned adjacent the 
fight source opposite the second/major surface of 
the substrata to enclose the light source. : 

In still other alternative embodiments, the light 
modulating film is not part of the module but ratter 
separately provided as part of the Hat screen dis- 
play. In these embodiments, the I3gh& modulating 
fdm is positioned adjacent a first msjo? surface 
formed by the array of modules, and a transparent 
electrode is positioned m contact with a first rnajc? 
surface of the light modulating fi!m opposite from 
the first major surface of the array of modulee* The 
modules have conductive pads that define the pic- 
ture elements ard contact a second major surface 
of the tight modulating film opposite from the first 
major surface to form the ptefeiro ejenpents in the 
light modulating film; 

In addition, whether such picture elements are 
transmlssive or reflective, to be able to reproduce 
color television pictures, a color filter Is preferably 
positioned adjs&ent ;tft» picture elements of the 
matrix so that only one color wtB be displayed by 
each picture element typlcafiy rsti, green or blue 
for a standard color tel&v&ea signal. The number 
of picture elements in such a color display of givefr 
siza is typficaSJy increased by three-fold over a 
similar black andwhfSe cflsptoy to provide similar 
picture quality. * There is not necessarily, however, 
tcr a bno-to-orte correspondence between red, 
green and blue picture elements, and where there 
is such correspondence, trie* colors are not. nec- 
essarily in alternate rows "or columns of tho mod- 
ule ' - '* '• 

The flat-screen' television is also comprised of 
m electrical control circuit capable of categorizing 
incoming teJevision picture* signals corresponding 
to the modules in the array and directing the elec- 
trical signals to the drivs circuits of each module 
according to the portion of the television picture to 
ba reproduced by the picture elements of that 
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- module^ Preferably, the electrical control circuit 
comprises a decoder cfccuft and an image pr6ces- 
sor. The decoder drcult operates on the input 
video signaJ and separates it into at feast two parts, 
8 one containing the video - data or information and 
the other containing the video synchronizing sig- 
. naia if the input video signal is of a coior image, 
the decoder preferably separates it into a video 
' signs! for each coter, typically a red video signal, a 
ro green video signal and a blue video signal. De- 
. . ' .coder circuits are wen known in the television field 
and iany • number, of thorn can be used; For the 
purposo of*th© present invention, the decoder cir- 
; j .cuit transforms the input: video signal into the ap- 
15 propria*® video signals needed by the image pro- 

? ; cesser. • . .-;-*' ■ * " 

v > The image processor, m its name implies, is 
the etectrcnic circuitry which processes tho video 
. signals to direct the appropriate signals to the 
20 electrical drive circuits of the appropriate modules 
at the appropriate times. The image processor 
uses a timing and control circuit to accomplish this. 
Tho timing and control, de^tt 'geriers^s a clock 
signal and control signals for each module from the 
29 synchronizing signal. The image processor also 
: contains a circuit for storing the vidso signals from 
v tfc3 decoder dv&Jl Preferably ©&sh ©stor video 
signs* Is stsrad digitally In t -a separate memory 

• ■ *- cap@b& o£ hokifng en entire rrem© of data The 
ao : data is then rssd out off ®£ch memory and fed to 
- th@ electrical drive circuit of thd appropriate mod- 
ule* as described above, in response to signals 
from the timing and control circuit Preferably this 
is dons in parai&J rather * tnssre in sons* so that all 

3^ *v :: moduk33 are activated as tho .same time instead of 
sequentially. It Is possible, however, to read out the 
" - stood* dete In sej&a*. The timing and control circuit 
can be imptemerzt^} by dsdteated harctmre or. in 
who?© or to pert, by e mfcropracsssor or other 
-computer. ■* 

Tfc© timing and contra! circutt datarminss which 
ancS when $>&ctrteaJ drive clrciElts are activated, 
' thereby activating tho switching elements In the 
. • different modules. Preferably, tiie electrics! drive 
4£ - drc^ia contain analog end digits switches which 
control the row and column conductor strips. Both 

* -\ ; the row and tho column conductor strips connected 

to a switching element must b© simultaneously 
- 1 activated In order to activate that switching element 
so at the intersection c# a row and column in the 
' matrix: The numbar of digital and analog switches 
used in the electrical drive circuit and Mr specific 
- : arrangement depend upon whether ihe switching 
elements of the same color era arranged in hori- 
5S -' zontal rows or vertical columns * f ar some other 
pattern, a© weii as whether row-at-e-time or 
column-at-a-time switching is used. 

In another embodiment the video signal is not 
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stored in digital form but is fed serially to an analog 
shift register associated with each module which 
stores the data in an analog form. ^The- video signal 
is then fed, in ; parallel, to each module depending 
upon the control signals from a timing and control 

_ circuity This simplifies the number and complexity 
of the circuits -required in rthev. electrical control 
Circuit ■ r.i?. ■*» y'.cf, . iwv . i;.. i / 

"Television" and "video* ere used herein in a 
broad sense to refer to ' the reproduction of visual 

. Images using electronic signaJs:".Television and vid- 
eo includes the reproduction of commercial broad- 
/: casting signals as. well as the reproduction of visual 
images using electronic signals generated from a 
variety of sources including. -but: not limited to, 
' video tapes, video disks; microprocessors and oth- 

>. er-computers. *;,v; t * «*b*v n \rv: */■ 

Other details, objects and advantages of the 
invention will: become apparent as the following 
description of the presently preferred embodiments 
and presently preferred methods of practicing the 
invention proceeds, v r . ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

■/ •■■ ■; v:/ 1 \\. "•■y ; \y .,*:^ v , 

- , : : .In the accompanying ^drawings, the preferred 
embodiments of the invention and preferred" meth- 
irods of; practicing .the invention are illustrated 

.- < Rgure 1 is an elevationaf .view of the modu- 
lar fiat-screen television display of the. present in- 
vention containing ,18 modules in a four-by-fbur 
. oarray; x w o ,a v i ' . 

Rgure 2 Is an eievational view, with portions 
broken away t - of a color module preferably of 128 x 
384 pixels suitable for use in' the' display of Rgure 

- Figure 3 is a cross-sectional view of a nrtod- 
ule as shown along On* 3-3 of Rgure 2: 

Rgure, -.Mr is m enlarged fragmentary 
eievational view of one comer of the module shown 
in Rgure 2, in relation to adjacent similar modules; 

• Figure' 4b is an ^ enlarged . fragmentary 
elevationaf view of one comer of the module cor- 
1 responding to Rgure 4a showing a different layer 
of the switching elements,- a layer which defines 
the picture elements; :-. v \ -j ■:• 

Rgure J 4c is a cross-sectional view taken 
. : along line 4c-4c of Rgure 4b: v " : 1 ; 

Rgure 5 is. a fragmentary Isometric view of a 
module as shown in Rgure 2; 

Rgure 6: Is a back eievational ..view of a 
■: module as shown In Rgure Tr^-:-. 

Rgure* ( 7 : is : an- enlarged . fragmentary 
eievational view of a first alternative embodiment of 
• • one comer of the module as shown in Rgure 2, in 
: relation to adjacent simitar modules; . •■ : 



Rgure 8 Is an alternative embodiment of the 
module as shown in Figures 2 and 3; 
* • ; : Rgure 9 i* a cross-sectional view of the 
module shown In Figure ft 
s»;k ;-"Rgure "'10 is a cross-sectional view of an- 

* other lalternatfve embodiment of ihe module shown 
v in Figure 2i '<: ■■>.'• 

? : 'r • Rgure 11 is a fragmentiiry cross-sectional 

* view of a modular fiat-screen television display of 
to* 1 the present invention utilizing the module shown in 

Figure 40;: -v 4 '« ■ ;;<* v - , 
c. Rgure >1 2 is an enlarged fragmentary 
;f = . eievational - view -of a second alternative * embodi- 
ment of two; comers of the module a£ shown in 
75 Rgure 2, in relation to adjacent like modules; 

Rgure 13 is a back eievational view of the 
modular fiat-screen television display of Rgure 1; 
i ; . .o-"" Figure 14 fs ;a cross-sectional view taken 
v : along line 14-14 of Rgure 13; 
20 r Figure 15 is a block diagram illustrating the 
: electronic circuitry for controlling and driving the 
t - -modular. fiat-*screen television display of Rgure 1 '«y 
wherein (ike color picture elements are arranged in 
horizontal rows; • - • 

t Rgure 18 is a block diagram illustrating the 
- electronic circuitry for controliing and. driving the 
; ; ? modular flat-screen television display of Rgure 1 
v wherein like color picture elements are arranged in 
* vertical columns: and ^ t 

30 ,v .Rgure 17 is a block diagram Illustrating the j*z 
electronic circuitry for, controlling and driving the 
. modular fiat-screen television display of Rgure 1 <j$ 
using analog shift registers. . : *ae 

39 . t ,;v V-..V',-/ >•• ■■ y*"' : : 

.DSSCRIFTtON Of THE PREFERBED EMBODI- 
' "CTENTS ^ :t ..; :; . . 

, v Construction Of Ihe Rat-Screen, Television Oisplay 

c ! v'v * Referring to Rgure ;1, .a flat-screen television 
display lOi preferably with cokw capability, is 
45 shown containing sixteen similar modules 11 sur- 
. r rounded by decorative, frame^ ^12, Modules 11, 
*.yf--- 1 which -are preferably square or. rectangular for con- 
venient matmg t are positioned adjacent to each 
, other to form a 4 » 4, array the size pf the desired 
sp.; ffa^screen display : 10. The overall ^size of display 
,-, ,10 win depend; qn the particular application; for 
r:. convenience; for commercial j television applications, 
with a 3:4 "aspect ratio, a rectangular display is 
; preferred, and for computer applications, with a 1:1 
5S ; aspect ratio, a square display is preferred. It is 
conterpplated that ; .mpduiee.t1. are preferably about 
9x6 inches or ,6 x 8 inches, .which^can -be made 
with satisfactory manufacturing yields, resulting in 
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the 4 x 4 flat-screen display being 33.9 inches or 
40 inches dlagonai.-respectiveiy. Positioned in front 
of modules 11 in frame 12 Is a glass 13 (shown in 
Figure 14), possibly of the type to slightly diffuse 
the picture-element images to provide a better 
quality television image/ The remainder of the sup- 
port structure for the flat-screen television display 
10 is described later by reference to Figures 13 
and 14. ; - 

Referring to Figures 2, 3, 4a, 4b, 4e, 5 aid 6, a 
suitable reflective module 11 for the flat-screen 
television display 10 is shown in detail- Each mod- 
ule has a substrate 14 (shown iri Figure 3), typi- 
cally of glass, having first major surface 15, second 
major surface 16 and edge' surfaces 17. A matrix of 
picture elements 18 extends over first major sur- 
face 15 of substrate 14 in a regular pattern, as best 
shown in Rgure 2, typicaify in a 128 x 128 or 144 x 
192 pattern. Picture elements 18 are of substan- 
tially the same shape and area so that an observer 
: cannot visually distinguish a difference in the regu- 
lar pattern. The boundary picture elements 18 , 
defined by conductive pads 19 as described below, 
adjacent the edge surfaces 17 of substrate 14 are 
positioned from the edge surface 17 such that the 
regular pattern is substantially continued uninter- 
rupted between adjacent modules as illustrated in 
Rgure 4b. This configuration provides a module 
with, for example, 21 1/3 rows of picture elements 
per inch for a module of 6 x 6 inches or 6 x 8 
inches. The picture elements 18 are preferably 
formed in a light modulating fiim composed of a 
liquid crystal dispersion in a polymeric binder as 
described in United States Patent Noau 4^435,047 
and 4,388,900, and th© picture eiemerTis are de- 
fined by conductive pads 1G of switching elements 

20 as described beiow. _ 
Within ©odi mockile 11 

picture elements 18 are electrical switching ele- 
ments 20 extencflng over first major surface 13 of 
substrate 14. Each switching element 20 is capable 
of activating a picture element 18 upon receiving 
electrical signals through a row conductive strip 21 
and a column ^ conductiye strip 22. Alternatively, 
switching element 20 may be provided by mul- 
tiplexing with tine row and column coordinates ap- 
plied to opposite sides of a light modulating film 
containing picture elements 18. 

Where a light modulating film is used to pro- 
vide picture elements 18, each electrical switching 
element 20 is preferably comprised of a thin film 
transistor 23 having a gate 24 eiectricaily con- 
nected to a row conductive strip 21 and a source 
25 electrically ^ connected to a column conductive 
strip 22. It should be noted that using techniques 
well-known in the art an insulating layer is posi- 
tioned between the intersection of conductive strips 

21 and 22 and between the intersection of gate 24 



and the semiconductor extending from source 25 
to drain 27. As a part of each switching element 20, 
insulating layer 28 is placed over the entire first 
major surface 15, including conductive strips 21 
s and 22 and transistors 23 except at drains 27 of 
transistors 23, and then as shown in Rgure 4c, 
transparent conductive peds 19 of, for example, 
indium tin oxide Is piaced over the insulating layer 
• 28 in cohtect with the light modulating film to 
io define picture elements 18 and Id' in the light 
modulating fiim. : Each* conductive pad 19 is elec- 
trically charged threwgh the drain 27 of a transistor 
- 23. The electrical circuit of switching element 20 is 
completed by a trar^parerit conductive layer 28 on 
ts th6 opposite surface of light modulating film con- 
taining picture elements 18 and 18 connected to a 
common ground ; or to intercohnectihg conductors 
as hereinafter described. The latter alternative also 
allows the aiternative of allowing the light modulat- 
20 1 ing iiim commdn td 4il modules* ii in display 10, to 
which conductive pads ;1 9 of each module in the 
V" array mate eiectrtcal T contact By this layered ar- 
rangement of switching elements 20 (shown in Fig; 
ures 4& 4b and ^/pteksri elements 18 and 18' 
25 can take up k j^gsr 'ere© of modulo 11 and a 
barter television ims&© can be reproduced. 
: Row and column conductive strips 21 and 22 
isach extend over first major surface 15 of substrate 
14 from adjacent edge surface 17 to adjacent 
so opposite edge surface 17 such that each electrical 
J switching element 20 can be electrically activated 
by both a row conductive strip 21 or 21 ' and a 
column conductive strip 22 or 22'; Each conductive 
strip 21 and 22 also is enlarged in area adjacent 
3S edge surface 17 as shown in Figure 4a and wraps 
around frbm first major surface 15 to an edge 
surface 17, to allow for ^ interconnection 
with electrical drive dreuri 29. Electrical drive cir- 
v curt 29 is positioned adjacent the second major 
40 surfa^d 16 of substrate 14 ori printed circuit board 
44, which is then laminated to second major sur- 
face 18 of substrate 14 (as shown in Figure 3>. 
A^ativdyreiectriic^ dr^ circuit 29 could be 
V directly positioned or formed on second major sur- 
46 face 18 of substrate 14, rather than on a separate 
printed circuit board 44 that Is then laminated to 
second major surface 16. Electrical drive circuit 29, 
the positioning of which is best shown in Figure 6, 
preferably has a faiwn electrical connecting con- 
so " figuration to be capable of eiectrically activating all 
switching elements 20 in the L module 1 1 corre- 
; spending to the desired video images to be formed 
by picture elements 18 on first major surface 15 of 
' substrate 14, ' . 

ss ; interconnecting conductors 30 connect elec- 
trical drive circuit 29 to row conductive strips 21 
and 21 ' and column conductive strips 22 and 22'. 
Although other embodiments such as feed-through 
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interconnection could be utilized, interconnecting 
conductors 30 are preferably positioned over edge 
surfaces, 17 (w.shown in ; Rgures„3.,.and and 
wrap around v serotjcl ; major surface /i£ to. elec- 
trically connect : CQii^ £^^22 and 
22' to^elecjtricai /dijiye circuit 29, Jnterconnecting 
conductors 30. can, be jpoqde by feaditiorial. metal- 
lization, : and r photoii^pgraphic techniques, on the 
, adhesive side/of 

t about one mil if\!$fcfa3ss/^e insulating tape with 
interconnecting conduct is preferably placed 
oyer f edge surfaces .Rafter drive circuit 29 is 
positioned relative to second major .surface 16 of 

. substrate 14., Hpweyer forrned. ihe interconnecting 
inductor? . 30 are , efectricaJiy, ji^la^-from like 

• interconnecting . ponductof? ... of adlacent^ modules. 
Jfie tblcknOTS.of'tb© in^^jQe^ng ^ndi^tors 30 
should be such as to (^ovide unifCHTTi spacing, and 

/ generally mjnin^yi sp^r^, bety^ r^ddufes 11 in 
jthe ancay of display iQ (as shown jl? figure 4a>. 

lr^rco ( nnwng COTducteH^ 3d may ai^p extend 
along edo^ surf^ 17 tp a distance ' beyond major 

^surfaoi; 15 at the corners '^/ ; ^^.. ( mbdu^.1l to 
electrically connect corruptive . layer 28 to elec- 
trical drive circuit ,tf£, 'tifai^^ the 
circuit can oa completed by ^lec^caJly con 
<xndi£#Yft ^ 

for example, by fonrtng a transp^rtf/cor^ 
. layer <^;'tije j J^^^;' c ^tace : ^Jr^ak glass 13 
.. (figure i4>r.^.\]^flvl^y'. /yvfi&ilii layer^28 can 
/.make elecblc^wrrta^t " . ^ / <v / ] 

Preferably r at .feasf 'ow/stf iW eiyl one se* 
\ of column cpndiictiye st^ps J2l' and .'22L are pr<> 
yided side by side white retaining the correspond- 
ing distance between^ 1 8 of the 
matrix as shown Jn Rgiie 2. &i this embodiment 
the correspondfrtp dstance between ^^ture etor 
ments 18 and 18 of the matrix is^afntained since 
the conductive paids ,19 defining the , picture ele- 
ments are in a # diff^ni'^ 
strips 2l' and 22/ Conductive pacta id are as large 
in area as space will permit ^fW^ e^e^iri over 
conductive stripe 21> 21 ^ 22 and & . This arrange- 
ment allows cxtfiducttve strips 21 ' or 22 to avoid 
running close to an edge wrfim,;l7/7??^/ fl !M M y^ 
side row and column conductive ^ps^ ' and 22' 
may occur only , once^ on /each module i%. This - 
requires, however, the use of an asymmetric mask 
in the formation /of the «>nduptiye sWp«i 'jertfecting 
the manufacture of each modu(e 11*/ It jrimy be 
appropriate, , particularly in, embodiments/^ shown 
in Figure 4, wfiere ,the swl.tching elements 20 are in 
layers, as described above, arid In turn the spacing 
V between slde-byrside row and column conductive 
strips can be. tel^^' large, ^o utilli» ; a synimetrtc 
photo mask so that all row and column conductive 
strips are in side-toy-side sets. This pattern, called 
a "butterfly pattern", would repeat the pairing of 



conductive strips 21* and 22' over the entire sur- 
face 15 of substrate 14, with the advantage of 
• x A providing redundant conductive strips and increas- 

- ing the manufacturing yields of modules 11. 

9 yvt Since the particular module 1 1 r shown in Fig- 
.;-...-:ures 2 through 8 is a reflective embodiment ca- 
pable, of reproducing color television images, a 

. . . / mirrored surface 31 is provided on first major sur- 
face 15,. of. substrate, 14 over which picture eie- 

10 /.merits 18 t switching elements 20 arid conductive 

strips 21, 21*7 22 and 22' are positioned; .Prefer- 
ably* a? opaque mask layer is..,then provided in the 
.. ; /' ^reas of the conductive strips and the thin film 
J^//^ the contrast of , the. repro- 

r? : duced "video picture. Also, to allow for the re- 
. M / M Jroductiori of color images,, polor Jitter 32 (figures 
^'/^.oy 9)"is (positioned between pipftLire elements- 18 
t , and first major surface 15 of substrata 14. Color 
, c r typically, has red, green and blue compo- 

2o/, nents with these primary colors alternating over 
. * . picture elements ,18 by rows or columns, or other 
conventloned configurations such as color triplets 
or quads, Each picture element 18 corresponds 
yjrj^ one of the primary colors: fo produce that color 
^ .cc^ponisnt of a color television image to be repro- 
duced. The color fitter 32 can alternatively have 
other positions in the module than ^Irown in figure 
"^/^ such as adjacent cpnduc1*ve;iayer 2i It should 
riot, however, be positioned spaced-apart from the 
oo. „ picture element 18 to avoid light parallax, /, 
3 » • , ^ fiaHcrewi color television display of Fig- 
; ^ uife 1 also has an efec^c^.cOTtrpj circuit capable 
i ! ot categorizing incoming electrical picture signals 
/ / w.' to,.! the corresponding /nodutes 11 iri. the. array 
^[ .^^y'4k^ng : ^ : elecib1cai' dlQP^, to efectrical 
"T. 3 <ij^ye drcuits 29 on each module ^11 <»m9 f §ponding 
" .* - i ^fo ftjeT .PPfl^pn'. <*f p* teievl^on pWure^tp W repro- 
t ' ./. * dyp^cf ; |bry / ^fptune 'etenienFts .18 pri that rnpduie 1 1 . 
1 This specifics bf^the ele^nfc o!i^ : and control 
fo: , (gr&lifcY ^ w described later, banning ^ on page 23. 
1 * .! *fl^?^ nrm emBoctlfTiMBrit^ eacjH modute 1J,can be 
/; ^/r^'d^.^'ie artsy of the ^ Siisplay shown in 
' v ^9W* 'V.^..' 0 *?'*^ by>1ilcs rribdule 11. To 
^. /^..^acjtt^^is. handles J 33 ^re ^ovjded on the back 
is' " of eacti mbdule 1 1 as shown in Rgiire 8. By being 
removable, the flat-screen television display can be 
/ ' repaired with relatively ibw wrt if a localized defect 
/ develops jh the display. V", 

Referring to Figure 7, an alternative embodi- 
so merit for module 11. Ic shown wh6re the' matrix of 
switching elements 20 is rnade In one layer rather 
^ttjert'^^th^; as described above with reference to 
";V ; "'Figures ' ; 4a/ 4b ^ 4c/ Specifi^ 

pads 19, typically of indium tin oxide to provide 
55 transparency, are in the same layer as the thin film 
^r^istor t "^ This r^uirei that; each conductive 
\ .pid 19, which la in coh^'with the ijght modulat- 

- Iiig , film and ;deflnM a picture element '18 be 
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spaced from conductive strips 21, 21 \ 22 and 22' 
and transistor 23, except for drain 27 thereof which 
electrically powers the conductive pad 19. Again, 
as previously explained, the light modulating film 
may be common to all modules 11 in display 10 or 
part of each, module 11.. This embodiment has the 
advantage of reducing the number of manufactur- 
ing ..steps, in, making modules 11 and particularly 
the switching, elements 20 for the modules 11. 
However it has the, disadvantage of reducing the 
area corresponding to the first major surface 15 of 
the substrate which is available for the picture 

.elements 18. .Each conductive pad 19.. defining a 
picture element 18 is , substantially , the same to 
avoid the observer from visualSy detecting ir- 
regularities in the, : pattern of the matrix of picture 
elements 18. The difference in area, between this 
embodiment and that with the multiple layer switch* 

. ing element 20 can be seen by comparing Figures 
4 and 7. However, even in this embodiment for 
presently available resolution* the area of module 
11 available for use as picture elements 18 is 

.approximately 55% of the total area corresponding 
to major surface 15 of substrate 14, compared with 
30% of tho corresponding area of a cathode ray 
tube display which is currently used for reproduc- 
ing color television images* 

Referring to Figures 8 and 9, an attomatfve 
embodiment :-of module 11 that is tr&nsmlssfve is 
shown, (n this embodiment substrate 14, picture 
elements 13, switching elements 20 and color filter 

32 are ait the same as alternatively described 
above with reference to Rguros 2 through. 6. In this 
embodiment Jher© , is no$ av'mirrorMl- n surlQoe 31. 
Rath3T, light source 34, te positioned ^jasent sec- 
ond major surface 16 of substrate 14. SJgM source 
34 is surrounded by, frame 38 positioned adjacent 
surfaces ,1 7* of 'substr&s 14 and having edge s^r- 
faces 36 wh!c& are eKtonstorcs of edg^ surtec&n 17 
of substrate 14. Fram© 35 ie a trsnsparsnS plastic 
such as - PerspsxTl^ cepabte of tstLnimijtting tight 
from light source 34 to ssxbefrste 14 and providing 
a support for- substrate 14* Btcksss bom6 37 Is 
positioned adjacent JlgM source 34 eppcsft* sec- 
ond major surface 16 of substrate 14 snd has 

. electriceJ drivs circuits 29 positioned on it Further, 
interconnecting conductors 30 adjacent .edge sur- 
faces 17 of substrate 14 extend ovsr edge surfaces 

33 of tfrsme 35 electrically connecting driv© circuit 
.29. on. backer board 37 with row and column con- 
ductive, strip© 21, 2l\ 22 and 22' adjscont first 
major surface 15 of substrate 14. Again, intercon- 
necting conductors 30 ore e&ctricrJIy insulated 
from like . intsrconncct&g conductors of adjacent 
modules. The dtftereflra beiwsan this trensmissive 
embodiment module ,11 and the reftoctiv© embodi- 
ment of module 1 1 can be seen by comparison of 
Figures 3 and 9. Again, as described above, the 



r : light modulating film may be made part of display 
10 common to all modu&s 11 to which the conduc- 
tive pads 19 of each module 11 electrically con- 
nect or made separately a part of each .module 1 1 . 
5 - Referring Jo Figures .10 and .11, a further alter- 
native embodiment of module 11 that is tr&nsmis- 
sive is shewn. In this embodiment module 11 does 
, not contain the iighft source 34, but rather light 
source 34 Is common, to all modules 1 1 in the 
ro display 10. In addition, , electrical, drive .circuit 29 is 
1 positioned more specifically adjacent edge sur- 
faces 36 of frame 35 and backer board 37 is 
spaced from ., module -11 and is common to all 
modules in display 10. The electrical connection 
rs-, from f»v. electric*! control circuit (not shown) to 
/- drive circuit 29 is. made through a lattice-type plug 
. 36 into which .. modules 11 can be inserted and 
. electrical connection m arie, and removed to form 
display 16- This embodiment has the advantage of 
ao providing- more uniform backlighting with light 
-> ^ source 34 common oyer display . 10. Common light 
. source 34 provides tight through frame 35 capable 
- of transmitting , light to substrate 14, The other 
aspscts and ;attomstivei* .of the construction of this 
29 module are those described above wfth reference 
. i to Figures 8 .and 0. . - 

Referring to Rgwr® 1& an, amfss&e embodi- 
ment of rnodute 11 and its relation to like modules 
: , in e display ,10 is . shown., tn this embodiment an 
3» ; J electroluminescent phosphor layer of , appropriate 
color or cofers forme .picture elements 18 in contact 
, with conductive pads, 19, instead of a Ifeht modulat- 
ing- film. The construction of .module 11 is other- 
wise sub£tantia$Jy-!ha same as described with ref- 
r erenc© to Rgu^ 4ft,,4fe, and 4c, except that color 
, fife 32 may bo used depending on the ^lability 
- of appropriet© eJsctreluminescent phosphors to 
form color!), and thcS conductive pads 19 can be 
> : meteJfte (non*fcrenspa?ent) s preferably with the up- 
per suffer able to reftect radiation emitted from 
v the r picto© elamsnt 18 toward the front viewing 
surface. a? display 10. . Etecfeteal connections of 
drive drcuit 29 to the , row and column conductive 
strip* 21 and 2£ are eteo the sam© as described 
48 above with roforenee to R^urea 4a, 4b and 4a The 
switching elements 20 in this embodiment differ, 
however, in e that each contains a second thin film 
. transistor 39 end a storage capacitor 40. Qate 41 of 
second thin film transistor 38 is electrically con- 
so. nected to dra!n 27 of thin film transistor 23 and to 
th© storage signal side o! capacitor 40. Drain 42 of 
• - :r .- second thin -film transistor 39 is connected to con- 
ductive pes 19 which in turn is a terminal of 
electroluminescent picture element 18.. Source 43 
es . of second thin film transistor 39 and the other 
terming* off storage capacstor 40 are electrically 
connected to the adjacent row conductive strip 21. 
Capacitor 40 is a three-layer structure- with the top 
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layer (shown in Figure 12) the storage signal side 
and the bottom layer the feed signal side con- 
nected 7 to conductive strips 21; with' an' insulating 
layer' to maintain capiacitance between them 
" ' In this embodiment 7 the verticaJ scan register 

! of the electrical cdfitrof circuit (described later) 
includes rhearis^for' connecting a divert row conduc- 
tive strip 21 to the Vertical scan switching signal 
input while connectlriig" Si bth* l Vch^ dohductlve 
strips 21 to a referehcd' signal which is typically at 
ground level. This* arrangement jterrhits simulta- 
neous application of a uniform reference signal and 
ari inforrnation -signal applied by colurhn conductive 
strips 22 to picture element 18 and also" permits a 

: return path for the currfcrit ^ftowirt^^rou§h i the elec- 
'trbluminescent picture elemerrts 18lfrdm : tfi : e con- 
ductive layer 28. The comrhbn reference level is 
normally connected to the power supply fio com- 

' plete the circuit This airahgisrWent for switching 
elements 20 provides 1 an actWe matrix cirfcutt suit- 
able to switch the substantially higher voltages that 
are needed for cpntrdl of electroluminescent phos- 
phor picture elements 18. The high voltage, thin 
film transistors used lit tMi embodiment prefer- 
ably made using 'cadmium sefenfde with a thicker 
insulator layer between th* fi^fcorkKictor film and 

'"the gate electrode. ' v :y -* * - ~— ; ^ 

Referring to Figures 13 and ^4/the'iiupport 
Stricture for the ffethtoeeif tel#flrisibn display 
shdwh in 7"tgure 1 is detaHete This support struc- 
ture is particular^ adapted to allow for removal of 
moduiee 'TV and repair o* the dKpfay 10 during 
manufacture/ testing and subsequent use. Bolts 50 
are threaded through the sides of frame- 12 and 
Contact by pads 51. i ndfvfduaf rows and columns 
in the 4 x 4 array oT modutts Tl in fiat-screen 
television display 10i Bote 5tf through pads 51 and 
the opposite side of frame 12 ekerf a compressive 
force on the mbdulet 5 1t*^hokf th^ In close 
contact Atoov to Hold ihe rhoduiee 11 fn position 
against gtass i* hlng*d bare are provided for 
each row of modules 11 on array : ^ reslK 
ient pads ST are postttoned on e*h fatir 52 to exert 
an oppressive force against the back of modules 
1 1 thereby forcing them against the glass 13. The 
bars 52 are also hinged a* 54 and attached by 
other suitable fasteners 55 at the opposite en<* to 
frame 12. ■ v~ *• ' 

When It is desired to replace a module 11 in 
the flat-screen television display; fastener 55 is 
loosened and bar 52 cor^ row in 

wiiidfi the module tt that Is to be replaced is 
located is swung away. Bolts 50 for both the col- 
umn and row in which the 'module to be replaced is 
located are then loosened and the module removed 
from the array and a Rke 'module put M its place. 
The bolte 50 are then- retightened, the bar 52 
swung -in position and then fastened with fastener 



55. 

Electronic Drive Circuity for Modular R at-Screen 
5 ,J Televlsibns. - " 

^''''Conventions vjdeo sighals are tirne sequential 
- signaJs consisting of a high speed serial analog 
'; t: ^ ;, *cfito stream. Typlcallyi an image or frame is built 
70 lip using a number of horizontal lines that are laid 
v dxi wh 'consecutively* The tihes rWay be laid' down 
. *" sequentially : or in an interlaced^ manner! In the latter 
case, the odd numbered lines of Ifce image kre laid 
down by a first s&n, arid then a second scan lays 
75 > : dbwn the even numbered lines.; this process can 
•■*';be #dhe bn a panel-wfde basis or oh a per module 
v v-f electrical bontrol circuit for a fiat^screen 

h ''' ;;::> ' : yf^farion'dttplay generates this cdrrect sequence 
- ; * of enabling signals to activate the electrical drive 
26 cfrcurts and direct the video signal to the appro- 
■ • priate rwrfzorrtal rows and' vertical columns of the 
- ;r entire display or of eifch module. 

In one embodiment the electrical switching ele- 
v ments of the modules are addressed a row at a 
'is : ' time by activating an entire horizontal row of pic- 
ture element* in a module simultaneously and ap- 
vr - * ' paying the appropriate portion of thi sampled video 
; r signal corresponding to the picture efements 18 for 
that row of that module 11 to all of the columns of 
; aS l • -that module it. The processes then repeated row- 
*• 1 by-row, rnodule-by-moduie until the Entire display 
. u: . ^-to has beiwt addressed. For purpose of explana- 
^ ; tibh, Rgure 2 shows some of the rows and col- 
: ^ 5 tfmns which will be activated. At the start of a 
*i«r frame; rdw T of the first module would be activated 
and the flrift 128 samples of the video-signal would 
1 be swrti^ed Sito the first 128 picture elements 
■i y. - w thereof at the same time. Then row 1 of the second 
- ;i module would be activated and the next 128 sam- 
40 pies of the Video signal would be switched' Jnto the 
'^flrttiiaB' picture elements thereof. The same pro- 

• cess would be repeated for the third and fourth 

• V' modules^ For a sequential video signal, this pro- 
„ '!:• be reflated in sequence with row 2 
; -45 : - biding activated so that samples of the video signal 

-are switched to the second 128 picture elements in 
each erf trw first four modules. Row 2 of the sec- 
siwtfi third and fourth modules are similarly ac- 
tivated: This process 1 Is repeated until all of the 
picture elements 18 In the first four moduleis have 
■ * been activated. To complete the frame, this pro- 
••'»- r '*66ss Is "repeated for ^ the fifth to eighth, ninth to 
i twelfth and finally the thirteenth to sixteenth mod- 
^ utes. : t Fbr an interlaced video signal, the second 
ss : rows to be activated would be the third row3 of the 
: r modules:* After all the odd mows had -beoii filled for 
* « the frame, the process would -repeat for the even 
i rows of all the *rnodu(es.' Alternatively , : at the start of 
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a frame, the first .rows of the, first Jour modules 
could be activated at the same time and the first 
512 (4 x 128) samples of the video signal could be 
switched into, the first 128 picture, elements in each 
module, simultaneously. Then the second row of 
the first four modules would be activated and the 
next 512 samples of the .video signal could be 
simultaneously switched into the second 128 pic- 
ture elements of each module. This process is 
similar to the one described above for activating 
each module except that four modules are treated 
as V unit so that the frame is filled on a panel basis 
rather than a module basis. - , rr . 

Unfortunately, the rate at which the serial video 
signal arrives and, therefore, the rata at which it 
must be sampled, generally exceeds the rate at 
which the modules can accept the, video data sam- 
ples. It is, therefore, necessary, to, use a storage 
device to store the data from the incoming video 
signal and pass portions thereof to the appropriate 
modules Ln parallel The storage devices for each 
module can form part of the electrical driv© circuits, 
. can be part of the electrics! control circuit or botfv 
When the storage devices are part of the electrical 
drive circuits, it is convenient to make the number 
of data samples stored equal to the number of 
picture elements in one row of ons mcdut®. Since 
it takes time to transfer the data samptes.from thd 
storage device to the module, ft ie often necessary 
to use two sets of storage devices and, store the 
samples tn.ono memory while the previously stored 
data samples are be'ng transferred from another 
memory to the module. Due to the rowt selection 
process, if only cn© raw of the ^nttas* display 10 is 
activated at a.givan te« a all of th© corresponding 
column alomsnts of o©ch cdum& of modules can 
be connsc&d In paralteS end onSy tira storage de- 
vices or memories are neodod te* each, column of 

the entire dispta? 1& " " 

Prefara&yv dlgitsS sorlaHnrntf parcl&Hxitput 

shift registers arc usod s& tha sto?8@g> devices in 
this configuration. To obtain a satisfactory gray 
scale, a minimum of 6-bJte Is necessary end it 
would be preferable to us© S-bita. Making the stor- 
age devices in this way requires the use of an 
analog-to-digitai converter at the input to fcta stor- 
age, device : &nd a digital-tc-anateg converter for 
each of the paralial outputs. The snalog-tordigftsi 
converter could bo made to se?vo both sets of 
storage devices, but . digita^to-ahaiog converters 
would be required forevery element of. both sets of 
storage devices. On® set of dlgit&J-to-anaJog con- 
verters could poo^bSy be used, but complicated 
switching would ;ba. nsedod al both th© Input and 
the output of th© dlgital-to-anaiog converters. 

This method oT activation can be implemented 
by known electronic circuitry. While it is similar to 
what is currently done for flat-screen television, it 



fails to take advantage of the modularization of the 
; . presantY invention, it Is prefera&s to present the 
, . video data to all modules simultaneously. This 
Yi-ouid simplify the control circuitry and decrease 
s . the required response time. In order to achieve the 
desired serial to parallel transformation of the video 
data, .the .data must first be stored in a memory. 
Several methods are known, but the most advanta- 
i , geous frcm ; a dsta?int&grity and manipulative stand- 
70 .*. point: is tc transform the analog video data into a 
. ; . digital, form and store it a frame or a field at a time. 
- This ^permits all the modules of the display to be 
; - updated at the. same time, thus, providing .a signifi- 
: cant relief on the updating speed required for each 
rs . module since an entire frame period is available for 
, , such updating .instead of. just that portion of the 
- frame-period which -corresponds, to the image por- 
: . * ficn displayed, by th© particular module Thus, if 
. there are n moduieo in total, then the update time 
30 ■ av&Uabis for each module i3 increase by the fac- 
tor. n f compart wiifc ih© ©aria! updating of the 
v screen dossribsd atoova/ThfcB parallel addressing of 
all the modules to a ur»Jquo advantage of the 
present invention, 
as - Typical television "frsmo grabbers* have only 
on© c&rial anabg sSgnc£ input and one serial analog 
: signsi output^ for d&p&ying & full frsm®. The cir- 
cuity: (5f th@ preset embodiment is capable of 
■ . ■ accepting iho income ssriaS vides data and gen- 
30: orating multiple analog output signals so that data 
can be presented ,-to afc modules simultaneously. 
- This -enables the video: signal information to be 
provided to the modules simultaneously instead of 
scqusnti&Jly. For a cbtac video display, tft& entire 
33 r frame is preferably stered as thre© separate video 
frsmse (om psx eolor> tf fisxS video data for each 
coter Is, praeansati to ttw> module as a number of 
, ^ psrdlsl data streemsv . • 

•• !n standard teteviiz&a signals, cotor images are 
m represented as luminance, hue and saturation data 
whiefo can be doeeffftposed Into the thr©o primary 
. colors red, blue and green. This information can be 
extracted from standard video signals such as 
NTSC r PAL or SEC AM &y convention^ techniques, 
^9 such a» multiplexing* Preferably, a decoder circuit 
wfcidvis wel$ lenomi In the art performs this func- 
tion., in the preferred embodiment as shown in 
Rgure IS, the extracted red, blue and green analog 
vid<so signals from th© decode? circuit are each 
»'-' digitized in an image processor 56 by means of an 
ana!cg-to-digitei converter (ADC) 57 and are each 
; stored digitally as successive bytes of. data, one 
: corresponding to escfo picture element in, a frame. 
The data for <s©cfo color is stored In separate ran- 
38 dom -access* memories (RAM) 58, which send the 
r video data to ©ach module as needed. Preferably, 
there are two memories for each color which are 
dual ported. While one memory is being updated 

10 
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serially at the frame rate, the other memory is 
being read out in a serial-parallel mode at the 
module rate. rThis allows each: module tb> be up- 
dated independently of the other modules. In order 
to display, -the digitally stored data in a parallel 
fashion ori a per module . basis. It must toe con- 
verted, back intat am analog signal. This- ban be 
accomplished by using a digital-to-analog converter 
(DAC) 59 with a digital latch for each module in the 
-system., vr :^-c ~*.x *v v 5 ? 

Using an image processor siJCh as shown in 
^ Figure 15 has" the added advantage that the band* 
width needed' for addressing and driving the mod* 
ules is reduced by a'factor ; of h' where n : Is the 
modularity factor. ITius, if the video b)arKrwidth is 
*20 MHz and there^'are 18 m6dules (n « 16), then 
each module wcfuld have' a video bahdwidttf of only 
125 MHz, greatly alleviating the speed require- 
ments on the active matrix'fltnd the electrical drive 
d rcu it 29* of ^ach mockjle. tt should also be noted 
that the price of digital memory is continually de- 

*■ creasing and 'Very large memories with test access 
times are currently available at a low cost This is 

^another reason (for having tfte memory be part of 
the image processor 5& rather than part of the 
drive circuits 29 on modules T 1t. : ■ 

In the: updating process/ the three colors can 
be presented :to each module, in parallel, or the 
colors can -be scanned sequentially on* per mod- 
ule or . a per panel; baste. . By presenting- the colors 
in sequence, the analog portion of ; the electronics 
required for the^ electrical drive circuit 29 of each 
module can be reduced by a - factor of three. 
(Compare Figures; 15 and 16). In Figure 16, three 
columns, one for each color picture element and 
each having an analog switch £0 need to be driven. 
This results in the number of analog switches 6$ 
being three times the r number of digital switches 
61. In Figure 15, however; : only ^ one column with 
one analog switch 60 needs to be driven whife the 
three colors are presented sequentially with a suc- 
cessive row being enabled for each , color. This 
mode of operation essentially involves forming 
rows, instead of columns* of the colors red-green- 
blue, and requires the scanning of thro® lines of 
each module for each line of the video input If the 
colors are presented In parallel on all the columns 
(strips), then three times as many column strips are 
needed, but the row scan: rate is reduced by a 
factor of three. The color sequential? solution is 
preferred. This reduces the number of analog 
twitches 60 needed ta drive the column strips 
while increasing the number of digital switches 61 
needed for the row* stripe by a factor of three. 

- 1 However, since digital switches 61 are easier to 

' realize, this alternative gives an overall cost saving. 
The higher required row scan rate is not a serious 
drawback: if there are, for example, 16 modules, in 
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a 4 x 4 array as illustrated in Rgure 1 . this arrange- 
ment will result in a row scan rate which is 3/4 of 
the video rate, and a column scan rate which is 

; 1/l2 !? bf the video rate, resulting In ^'reduction to 
3/4 x 1/12 a 1/16 of the original video rate. 
Vi A further reduction in the rate at which iriforma- 

' r ' tion Is actually 'transferred to the picture elements 
- 1 - f8 of each module 11 cah be achieved if ail picture 

* elements in a given row : of a module are addressed 

id- ' simultaneously, 7.0.; if row-at-a-time addressing as 

- 'discussed above is employed, this can be accom- 

- i;: ■ plished ^through ' usihg" charge^oupled devices 

; (CCD); bucket-brigade devfces or other appropriate 
m'^ans in an analog" shift-register configuration such 
75 as shown in Figure 17, rather' than analog switches 
< £ 8 shown fh Rgure '16. Although there are today no 
i' - commercially availficble analog shift-registers "which 
" accept serial data as inputs and output parallel 
: • data, the design and fabrication of such integrated 
" : Circuits is "'certainly within the capability df current 
Vr technology; This approach would have the advan- 

- tage of further reducing the speed of addressing 
individual picture elements by a factor equal to the 

' number of picture elements in ieii&ch row of a mod- 
al*-- ule, e.&.i t28. A cbmbination of analog shift-register 
• arid analog holding register 63 can be used to 
permrt simultaneous readout in parallel, of one line 
-of data while the succeeding line of data is being 
*• clocked into the shrft-regi3ter from the image pro- 
~cessdr56> ■'■ ^..*r-: ■■=•• • - -.■ 

vt : ; ! As previously discussed, tne three' colors can 
be presented from the image processor 56 to the 
o : 1 modules 1 1 either in parallel or sequentially. The 
embodimem shown in Rgure 17 contemplates par- 
Mallei^ transfer of the color information from the im- 
1 age processor 56 to the modules 11, analogous to 

- the technique Illustrated in Rgure 16. An alternative 
t'i embodiment of the method illustrated \W Rgure 17 

which Is analogous to the technique illustrated in 
40 * Figure 15 Is possible and in fact preferred since it 
reduces the number of arfalogj shift registers 63 for 
a each module 11 from three to one while increasing 
v the number of digital switches 61 from X to 3X. 
\M it: is the purpose of the -timing* and control 
4s : ^circuit 62, shown In Rgures 15 and 16, to generate 
■ r ail of the necessary clocking and gating wave 
; forms needed by the A/O converters 57, memories 
a ; 56, D/A converters 59, digital Switches,, 61, analog 
: switches 62 and. analog shift registers 63 to effect 
so l proper- processing and routing" of the incoming vid- 
' . ■ eo picture signal to the correct picture elements on 
^'display 10.- The clocking and gating wave forms 
most be synchronized to the incoming video signal. 
•'*<■ Thisvis- 'gienerally accomplished by having: an ac- 
55 - curate master. clock . operating at a- Wgh multiple of 
the horizontal input frequency and precisely syn- 
chronized to., the horizontal input -frequency. This 
. clock signal, along with the horizontal and vertical 
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synchronizing input signals, controls* a variety of 
digital counters. Appropriate logical combinations 
of the decoded counter outputs can produce ail of 
the required docking and gating wave terms. Im- 
plementation .of such circuitry involves standard 
phase . locked loop, counter and logic circuit tech* 
nology well known in the art Alternative to using 
counters and specific logic circuitry, a micropro- 
cessor running from the master clock can be em- 
ployed to generate the required- timing and control 
signals. : - 

The. modular flat television screen; driven by 
the electronic system described cabove;* can be 
considered as a '.sophisticated color video , display 
monitor. By conventional, present day. techniques it 
can be used to present standard, television: broad- 
cast signals, signals generated by video cassette 
recorders or computers. With suitable, state-of-the- 
art electronics, it will also permit the mixing and 
presentation of several video signals derived from 
different broadcast or other sources, and different 
portions of tho screen could show different pro- 
grama simultaneously If dosired. Through s link to 
a microcomputer' equipped with suitable software, 
the screen could .also bo used as a canvas for 
generating artwork by the users, or for th® playing 
of electronic g@m$3. Another novel possibility is to 
cilsptay, in a stationary mods', reproductions of fam- 
ous paintings (e.g*. ^fona Lisa or Primaveraor Van 
Gogh's Irises), stored on "art video tapes", thus the 
sitting room could have a different "theme picture" 
each season or day of tha week while it Is not used 
as a receiver. Other Innovative uses may weil be 
found in the future. * 1 - 1 : . 

Although the inven&on has been described in 
detail in the foregoing for purposes of illustration, it 
is to be understood thai such ds&He ere sotoly for 
thst purpose fcrsd ' thsfc varfsStam -"may be meda 
therein by these sStilktd tfw art without departing 
from the spiffs and 3ccps> of th© irsverttfon are 
described in the following c&;^& 

Claims 

1. A flai-screen television disptey comprising: 
A. a plurality of modules pos&on$d adjacent 
each other to form an array the size of the desired 
flat-screen displays 

5. each mcduto having & substrate with first 
and second major surfaces and edge surfaces, a 
matrix of picture elements extending over the first 
major surface of the substrate in a regula? pattern 
with boundary picture elements adjacent the edge 
surfaces of the- substrate to distances such that the 
reguisr pattern is continued substantially uninter- 
rupted between adjacent modules, a matrix of elec- 
trical switching elements extending over the first 
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major-surface of the substrate with each switching 

■. ■ element . capable of activating ■ a picture element 
upon receiving electrical signals through both row 
and column conductive stripe, row and column 

s conductive strips each extending over the first ma* 
jor surface from adjacent an edge surface to adja- 
cent an opposite edge surface of : the substrate 
f> such that each switching element can be elec- 
tricaJiy activated by a row and a column conductive 

io .. strip, an electrical drive circuit positioned adjacent 
r. the second major surface of the substrate and 
. - capable of electrically 'activating -the switching ele- 
ments in cotfespond&nce to desired video images 
. to be formed by .the picture elements over the first 

15 . . major surface, and .*■ interconnecting conductors 
electrically connecting- the drive circuit with the row 
and -columns conductive strips on .the first major 
surface and electrically insulated from similar Inter- 
connecting ^conductors of an adjacent module; and 

20 C. an electrical: control circuit capable of 

. - categorizing incoming video signals corresponding 
to the: modules in the array and directing the else- 
v trical signals to thei drivts circuit or each module 
according, to the portion of a video image to be 

ss reproduced by the pteturer eiemGrrts on that mod- 

• 2. A flat-screen tetevteicn display as described 
in Claim 1 wherein each module can be removed 
from the array and replaced by another like mod- 

* ula. r ' ■ ■ s 5 : - 

3. A fiat-screon television display as described 
in Claim *; wherein at feast one sat of row and one 
set of column conductive stripe are provided side- 
by-side while- retaking ths corresponding distance 

35 between picture elements in the regular p&tam. 

4. A fteHscraen tetavisicn display as described 
in Claim 1 wherein tho picture elements are of 
electroluminescent powder phosphors 

5. A ftefc-screen television d&piey as described 
40 in Claim 1 whereto tho picture elements are elec- 
troluminescent fifcra phosphor 

6. A flst-ecpson television display as described 
In Claim 1 whsresa the first major surface of the 
substrate of each module is a mirror surface over 

43 which the picture elements, switching elements and 
cenductiv® strips ar© positioned* 
- 7. 'A ffag-scfeen television display as described 
in Claim 1 wherein the interconnecting conductors 
connecting the drive circuit to the row and column 
to conductive strips arc positioned adjacent the edge 
: ^urfasos sf the substrate. 

■ 8. A flat*s© eera color television display com- 
prising: : - i . 

A. a plurality of modules positioned adjacent 
ss < each ether to form an array tho size of the desired 

flat-screen display; 

B. each module having a substrate with first 
and second major surfaces and edge surfaces, a 
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matrix of picture elements extending over the first 
major surface of the substrate in a regular pattern 
with: boundary picture elements: adjacent :the edge 
surfaces of the substrate to distances such that the 
regular; pattern is continued substantially uninter- 
rupted between adjacent modules, a matrix of elec- 
trical, switching, elements t extending over the first 
major surface of the substrate with each switching 
element capable of activating a picture element 
upon receiving electrical signals through both row 
and column conductive strips*, row and column 
conductive strips each extending over the first ma- 
jor-surface from adjacent an edge surface to adja- 
cent an opposite edge surface of the substrate 
r such that each switching element can be elec- 
trically activated by a row and a column conductive 
strip, a color filter; positioned adjacent the picture 
elements of the matrix such that a color television 
image can be displayed by the - module, an elec- 
trical drive circuit positioned adjacent /the second 
major surface of the substrate and-capabte of elec- 
trically activating the? switching , elements in cor- 
respondence to desired video images to be formed 
by the picture elements ov^r> the : flrst major sur- 
face, and interconnecting , conductors electrically 
connecting the drive circuit adjacent the second 
major surface with the rowand column conductive 
strips on the first major surface and electrically 
insulated ;frorn similar; interconnecting conductive 
strips of an adjacent module; and * • 

C. an electrical control circuit capable of 
categorizing incoming video signals corresponding 
to the modules in the array and directing the elec- 
trical signals to the drive circuit of each module 
according to the portion of the video image to be 
reproduced by the picture elements on that mod- 
ules ' .• '? : *. ;\ ^ ' \ . V:r- - 

9. A flat-screen cotor television as described In 
Claim 8 wherein the color filter Is positioned on 
each module between the picture elements and the 
first major surface of jtfco substrate. 

10. A ^screen color television display as 
described in Claim 8 wherein the picture elements 
and switching elements are positioned between the 
color filter and the first najor surface of the sub- 
strate. * t .;:." i:/*r' 

11. A f!a*-screen color television display as 
described in Claim 3 wherein oach . module can be 
removed from the array and replaced; by another 
like module. ' , 

12. A flat-screen color television display as 
described in Claim 8 wherain at least one set of 
row and one set of column conductive strips are 
provided side-by-side while retaining the corre- 
sponding distance between picture elements of the 
regular pattern. 

13. A flat-screen color, television display as 
described in Claim 8 wherein the first .major sur- 



face of the substrate of each module is a mirror 
surface over which the picture elements, switching 
• elements and conductive strips are positioned. 
> ■ 1 14. A flat-screen color television -display as 
s : described in Claim 8 wherein the interconnecting 
conductors connecting the drive circuit to' the row 
.and column conductive strips are positioned adja- 
cent the edge surfaces of the substrate. • - i ;: 
v - 15. A flat-screen televislori display Comprising: 
to A. a plurality of modules positioned adjacent 

each oiher to form an- array the size of the desired 
flat-screen display;' : ^ ' : ~ - 

B. each module having a substrate With first 
and second major surfaces and edge -surfaces and 
is ' being capable of transmitting light a matrix of 
- .• ^picture elements ^ extending over the first major 
surface of the substrate in a regular pattern with 
^ - /boundary picture elements adjacent the edge sur- 
• faces of the substrate to distances such that the 
-2oi regular ^pattern is continued substantially untnter- 
■ rupted between adjacent modules. Where said pic- 
ture elements are formed of a thin film of a disper- — r 
slon of liquid crystal droplets in a polymeric me- 
; v ; diumV a matrix.of electrical switching elements ex- 
as ; ; tending over the first major surface of the substrate 
i with each switching element capable of activating a 
picture element upon receiving electrical signals 
^through both row arid column conductive strips, 
< v row and column conductive strips each extending tl 
so^ over the first major surface from adjacent an edge ^ 
surface to adjacent an opposite edge surface of the . & 
,-viv substrate such that each switching element;can be & 

- j electrically activated by a row conductive strip and 
t.,:o a column conductive strip; ^ v ■£»*?■■■•* -_, 
m >v. , ; C. a light source positioned <adjacent the 
second major surface of the substrate of at least 
one module in the array; \-\r *■■. 

,r ^ .v v^; D.- an electrical drive circuit positioned adja- 

4Q , and capable of, electrically activating, the switching 
> /v^./.jBle^R0nl8.in correspondence to desired visual im- 
,:. - ages to be formed by the picture elements over the 
first major surface; 

E. interconnecting conductors adjacent the 
45 edge surfaces of the substrate and electrically con- 
necting the drive circuit with the row* and cplumn 
conductive strips on the first major surface and 
;v ^electrically insulated from similar interconnecting 
' conductors of an, adjacent module; and 
-so.. - F. an electrical control circuit capable of 
categorizing incoming video .signals corresponding 
to the modules jn the array and directing the elec- 
.triqal signals to the driye r circuit of each module 
■r - : according to the pprtlon of the television picture to 
i-ss,.?. be reproduced by the picture elements; on that 

module.:;-: ,j ;..<*." 

18. . A flahscreen ? television display, as. de- 
scribed in Claim 15 wherein each: module can be 
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removed from the matrix and replaced by another 
like' module. 1 : • 1 ~ - 1 

17. A flat-screen tetevisf on display as de- 
scribed' in Claim 15 wherein at feast one set of row 
arid one set of column conductive strips are pro- 
vided side-by-side while retaining the correspond- 
ing distances between picture elements of the reg- 
ular pattern, 

1 a A ' flat-screen television display as de- 
scribed in Claim 15 wherein a common light source 
is provided for the array of modules, and the elec- 
trical drive circuit for each module is "positioned 
more specifically adjacent a frame forming an ex- 
tension of the edge surfaces of each substrate. 

19. A flat-screen television display as de- 
scribed in Claim 15 Wherein a light source' is pro- 
vided for each module surrounded by a frame 
forming an extension of the edge surfaces of each 
substrate, and the electrical drive circuit for each 
module is positioned on a backboard positioned 
adjacent the light source opposite the second ma- 
jor surface of the substrate to . enclose the light 
source. " . 

20. A flat-screen television display comprising: 
A. a plurality of modules positioned adjacent 

each other to form an array the size of the desired 
fiat-screen display: 

3. a thin film of a dispersion of Oquid crystal 
droplets in a polymeric medium positioned adja- 
cent a first major .surface formed by the array of 
modules; 

C. a transparent electrode positioned In con- 
tact with a first major surface of the thin film 
opposite from the first major surface of tta array o* 
modules; ', " ' ! _ 

0. each module' having a substrate with first 
and sscohd major surfaces and ed£© surfaces 
which is capable of trensmtttfcig light and a matrix 
of conductive pads defining picture elements in the 
thin film extending over the, first major surface off 
the substrate in a regular pattern with boundary 
picture elements adjacent the edge surfaces of the 
substrate to distances such that the regular .pattern 
is continued substantially uninterrupted between 
adjacent modules, where the conductive pads are 
in contact with a second major surface opposite 
from the first major surface of the thin film, a matrix 
of electrical switching elements extending over the 
first major surface of the substrate with each 
switching .element capable of activating a picture 
element upon recervtng, electrical signals through 
both row and column conductive stripe, row and 
r column conductive stripe each extending over the 
first major surface from adjacent an edge surface 
to adjacent an opposite edge surface of the sub- 
strate such that each switching element can be 
electrically activated by a row conductive strip and 
a column conductive strip; 



: ^ i 6. a light source positioned "adjacent the 
second major surface of the substrate of at least 
one module in the array: 

P. an electrical drive circuit positioned adja- 

5 cent the second major surface of each substrate 
and capable of ^ electrically activating the switching 
elements in correspondence to desired visual im- 
ages tobe formed by the picture elements over the 
first major surface; ' 

w G. iriterconn^ting conductors aidjacent the 

• - edge surfaces of the substrate and electrically con- 
\] necting the drive circuit with the row and column 
conductive strips on; the first major surface and 
electrically insulated from similar interconnecting 

rs conductors of ah adjacent module; and 

H. an \fciectricaJ control circuit capable of 
categorizing incoming video signals corresponding 
to the modules in the array and directing the elec- 
tribal signals to the drive drcuit of each . module 

26 according to the portion of the television picture to 
be reproduced by the picture elements on that 

^ r mb&ke.' . /' " t 

21. A flat-screen television display as de- 
, scribed In Claim 20 wherein each module can be 

^ removed the matrtx and replaced by another 
Jite mo^te.' 7 ; 

22. " A tlat-sbreen television display "as de- 
scribed !ri Claim 20 wherein at least one set of row 
and one set of column conductive strips aire pro- 

30 , vtded side-by-slde while retaining the correspond- 
ing distances between picture elements of the ma- 
//;VtrtoL * V \ r 

' 23. A fiat-screen telw^sibn display as de- 
scribed in Claim 20 wherein a common light source 
3s is provided for the array of modules, and the elec- 
trical drive circuit tor each module is positioned 
more specifically adjacent a frame forming an ex- 
. tension of the edge surfaces of each substrate. 

24. A flafc-scseeri television display as de- 
4o scribed In Claim 20 whereat a light source is pro- 
vided for each module surrounded by a frame 
forming an extension of the edge surfaces of each 
substrate, and the electrical drive circuit for each 
module is positioned on a backboard positioned 

43 adjacent, the light source opposite the second ma- 
jor surface of the substrate to enclose the light 
^ source. \. 

25. A flat-screen television display comprising: 
... . A. a plurality of modules positioned adjacent 

so each other to form an array the size of the desired 

'\ flat-screen display;. 
. \ "\. B. each module having a substrate with first 
. ; . and second major surfaces and edge surfaces and 
/ being capable of transmitting light a matrix of 
ss picture i elements extending oyer the first major 
surface of the substrate in a regular pattern with 
boundary picture elements adjacent the edge sur- 
faces of the substrate to a distance such that the 
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regular pattern is continued substantially uninter- 
rupted between adjacent modules, where said pic- 
ture elements are formed of a thin film dispersion 
of jiquid.\^^ drpplMs' in a polymeric medium, a 
matrix of electrical switching elements extending 
oyer the first major ^iirface^pf the substrate with 
e£ch switching element 1 capable of activating a 
picture element uppn receiving electrical signals 
through bp^ a 
color filter positioned adjacent, ttie picture elements 
such that a color video Image c$n i?e displayed by 
. the module, row and column conductive strips each 
extending oyer the flrrt major surface from adjacent 
an edge surface to adjacent an opposite edge 
surface of Jthe wbstrate suich thai esch switching 
^eiement can ,be electric^Jy activated by a row 
1 conductive sfrip .and ^ 

C. a tight sourpe positioned adjacent the 
second major surface of the substrate of at least 
one mpdufe in the array: .' , ■ . ; ; / ^ ^ 

D. an electrical drive circuit positioned adja- 
cent the second major surface of each substrate 
and capable of electrically activating the"' switching 
elements In correspondence tb desired visual im- 
ages to be formed by the picture elements over the 

' \ first major surface;; . v . ""'[ . V : ^ 

EL ihtercom^^ the 
edge surfaces of the substrate Wid electrically con* 
necting the drive circuit wm the and column 
conducive ^ and 
' electrically insulated from sirrtiiar Interconnecting 
conductor 

" ; JF'i 'ah' electrical <corftj& 'ctoauft capita* of 
separating Incoming video signals corresponding to 
. the modules in the array and directing the electrical 
signals to the' drive drcutt of each module: accord- 
ing to the portion eft te^^ picture to bm±~ 
reproduced ti^ mod* 
ule; ! : . ' ' '] .. ^ • '*', : 

28, A flat-screen ootoe television display as 
described m Claim , 2&*£n£; the color filter is 
positioned . between the ptetai* elements and the 
first major surface of the wtwibTrtiLc., 

27. * fia t- scr e en color televiste* display ae 
described In Claim 25 wber^ the ptet^ 
are positioned between the Mot. filter and the first 
. major surface of the substrates 

2& A flat- scre e n color; television display: as 
described In Claim 25 wherein each: module can be 
removed from the matrix and replaced by another 
like module. . 

. 2ft, A flat-screerr color tStevttbn display as 
described In Claim 2a wherein at teast one set of 
row and one set of column conductive strips are 
proiridW sids^-side W»c^ fr^ w edge sur- 
face while retaining the corresponding distances 
between picture elements of the reguiar pattern. 

30. A fiat screen color television display ae 



described In Claim 25 wherein a control light 
source is provided for the array of modules, and 
. the electrical drive circuit for each module is posi- 
tioned more specifically adjacent a frame forming 
s an extension of the edge, surfaces of each module. 
,31 .A. flat screen color television display as 
described in Claim 25 wherein a tight source is 
v provided for each module surrounded by a frame 
" .forming ^n extension of the, edge surfaces. of each 
iq substrate, and the electrical drive circuit for each 
v modyle is positioned on a backboard positioned 
^ adjacent to the light source opposite the second 
. ..V nnajbr surface of the substrate to enclose the light 
source. . ..... . 

VjS- A fiat-screen poior^ television display com* 

'pJrtsinjB-. -, v r,. - / 

. . A, a plurality of modules positioned adjacent 

,7 , each, other to form an $rray the size of the desired 

\ 7 J^-scrmn display: 

. a (I 9ht modulating film positioned adjacent 
$ first major surface formed, by the array of mod- 
ules; \ . . v; . ; . \" ' . ., ; 

_ C. a transparent electrode positioned fn con* 
tact witf* a first major surface of the thin film 
& opposite from the first major surface of the array of 
modules; ( " m . 

. .. . P each module having a substrate with first 
77 i /!r^^'- 3 ^ c ^. nwjor surfaces and edge surfaces and 
being capable of transmitting light, a matrix of 
30 : cc^uctiye pads defining picture elements in the 
thin film extending over the, first major surface of 
; .tfi#;^ regular pattern with bdiindary 

picture elements adjacent the edge surfaces of the 
substrate to distances such JtUB$ the regular pattern 
^ between 
f . ladlapent- module* where the corrtuctfye pads are 
•' in contact wttti second major sur^aide Opposite 
^ from the first major surface of the tWri film, a matrix 
\l X ^ jffi djysfrtdi; s wi tc h i ng e v en t s 'extending over the 
rtrirf major surfede^ oP^ the substrate wtth " each 
switching element capaWe of activating a picture 
.^"■^'sieirt^. up^ recelv^ through 
-1* , ^ J ^!°** ' ^a**"? cbfcumn condUc^v« strips* a color 
v °' fii&^^ ^Jaceiril the picture eWmente such 
iau „;yt^>cbtoir video image can be displayed by the 
^/"jf;mdSu|*6 row^ ^ bohir^ strips each 

^"'"'"/acteWIng oyer the first major surface from adjacent 
a* edge surface to- adjacent an opposite edge 
*!eiiff*p#*-cj# the substrate suish that each switching 
se^eiiwnei(* by a row 

conducive strip arid a column condtictive strip; 

E. a ; IfghT source pdsitloned adjacent the 
secorid major surfaceof the substrate of at teast 
one module in the array; l " ' ' 
ss F. an etectricaJ drive circuit positioned adja- 

cent the second major surface of each substrate 
and capable of electrically activating the switching 
elemente In correspondence tb desired visual im- 
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ages to be formed by the picture elements over the 
first major surface; 

G. Interconnecting conductors adjacent the 
edge surfaces of the substrate and electrically con- 
necting the drive circuit with the row and column 
conductive strips on the first major ^surface and 
electrically insulated from similar interconnecting 
conductors of an adjacent module; and 

H. an electrical control circuit' capable of 
categorizing incoming video signals corresponding 
to the modules in the array and directing the elec- 
trical signals to the drive circuit of each module 
according to the portion of the television picture to 
be reproduced by the picture elements on that 
module. 

33. A flat-screen color teieyision display as 
described In Claim 32 wherein each module can be 

1 removed from the matrix and replaced by another 
tike module. ^ ' 

34. A flat-screen color television display as 
described in Claim 32 wherein at least one set of 
row and one set of column conductive strips are 
provided side-by-side while retaining the .corre- 
sponding distances between picture elements of 
the regular pattern. 

35. A fiat-screen color television display as 
described in Claim 32 wherein a common fight 
source is provided for the array of modules, and 
the electrical drive circuit is separate fbr each' mod* 
ule and positioned more spedflceify adjacern a 
frame and forming an extension of the edge sur- 
faces of each substrato. ^ ".. 

36. A fiat-screen television display as de- 
scribed in Claim 32 wherein a light source is pro- 
vided for each module surrounded by \.i frame 
forming an extension of the edge s^irfuce^ of each 
substrate, and the electrical drive circuit tor eeeft 
module is positioned on a b ackboa r d positioned 
adjacent the light source opposrte the second ma- 
jor surface of the substrate to eocfose the light 
source. 

. 37. A flat acro e n coior television display as 
described in Claim 32 wherein a color After is 
positioned between the conductive pads and the 
first major surface of the substrate. 

3a A flat screen color television display as 
described in Claim 32 wherein the color filter is 
positioned adjacent the transparent electrode thai 
is in contact with the first major surface of thin 
films opposite the array of modules. 

39. A module for a flat-screen television display 
comprising: 

A. a substrate with first and second major 
surfaces and edge surfaces; 

B. a matrix of transparent conductive pads 
capable of defining picture elements and extending 
over the first major surface of the substrate in a 
regular pattern with boundary conductive pads ad- 



jacent trie edge surfaces of the substrate to dis- 
i tarices such that the regular pattern is capable of 
continuing substantially uninteiruptsrf when a simi- 
lar module Js positioned adjacent the module; 

s . 9 ? a m ? fr ! x electrical switching elements 

extending oyer the first major surface of the sub- 
strate with each switching element capable of ac- 
tivating a conductive pad upon receiving electrical 
signals trirbugh both row and column conductive 

io strips; 

D. row and column , conductive! strips each 
extending overthe first major surface from adjacent 
an edge surface to adjacent an opposite edge 
surfabe ofi ; the substrate such that each switching 
is eiement/can be , etedricatty activated by a row 
; cbnductiye strip and a column conductive strip; 

. ' E. an electrical drive circuit positioned adja- 
cent the second 'major surface of! the. substrate and 
"capable of ^electilcally activating the switching efe- 
20, merits ln\rarrew to desired visual images 

to be temrted by the picture elements over the first 
major surface;' and 
? u Interconnecting, conductors electrically 

: c6nne<^^ the, . drive circuit adjacent the second 
28 . major ^surface off Jhe substrate with the row and 
f ^ colurnh conductive strips on the .first major surface 
and electrically insulatsd from sM^nteroonnec- 
ting conductors of an adjacent module. 

40. A module fbr a flat-screen television display 
30 as described in Claim 39 ; wherein the conductive 
' pads are transparent and each module has a light 
modulating film positioned in contact with the array 
of conductive pads to form picture elements, 

4t. A module for a flat-screen television display 
3S . as described In .Claim 39 wherein at least one set 
of row and one, set cf column conductive strips are 
/ v provided side-by-skte while retaining the corre- 
sponding distance between picture elements of the 
regular pattern. 
40 42. A module for a flat-screen television display 
as described In Claim 39 wherein the first major 
surface of the substrate 'is a mirror surface over 
which the conductive pads, switching elements and 
conductive strips ere positioned. 
46 43. A module for a flat-screen television as 
. described in Claim 38 wherein a color filter is 
positioned adjacent the first major surface of each 
module such that color television Images can be 

displayed... . . 
so 44. A module for a flat-screen television display 
as described in Claim 39 wherein the interconnec- 
ting conductors connecting the drive circuit to the 
' v row and column conductive strips is positioned 

.' adjacent the edge surfaces of the substrate, 
w 45. A module for a flat-screen television display 
comprising: 

A. a substrate with first and second major 
surfaces and edge surfaces and being capable of 
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transm itti ng light ' " ' 

B. a matrix of conductive pads capable of 
defining picture elements anjj extending oyer the 
first major surface of the stibAafe in > . regular 
pattern With bbundaty ton^ctiye^p^s adjacent the 
edge surfaces Of the substrate to distances such 
that the regular 'ptikdtii is capable of continuing 
substantially ^ unihte^pt^ whdn a similar module 
is positioned adjacent to the module; 

' " C. i rfi^ elements 
extehdirig byer'the firit majbf jsuffapef ot the sub- 
strate with each switching element capable of ac- 
tivating a conductive pad upon receiving electrical 
signals through both row artd column ..conductive 
"'strips; _ ' \ j * , 

D. row ^column ddfri'iib^v^J strips each 
extending over the first major surface from adjacent 
an i edge' surface to adjacent ah^ opposite edge 
surface bt the Substrate jsuch tfJaf ea^h switching 
element can be electrically activated by a row 
conductive strip and a ddllinn 'c^^iiti^fB strip; 

& a frame positioned adjacent an^^ 
of said edge surfaces pi the Substrate arid capable 
of allowing light to lie fr^ sub- 
strate; 

F: an electrical drive drcuit positioned adja- 
cent the second major surface bf the substrate andr 
being capable of el^ this switch- 

; v>r v ' ing eteiments in correisp^er^ to desired visual 
images to be formed b^ the' picture ^foments over 
the first major surface; s^'2; v ( 

Q. intert^ri^f^ a adjacent the* 

edge surfaced of the subitrate and the frame elec- 
trically 

column conductive strips on the first major surface 
and electrically insu)aM ftahn similar interconneo-- 
ting conductors of adjacent modulee* 

46. A module foe a flat-screen te 

as described in Claim 45 wherein each rhbdule h» 
a light modulating fihri J ' 06etti<>iw d in contact with 
the array of conductive pad* to torn picture ele- 
ments. 

47. A module tor a flat-screen television dispiay 
as desc^bed in Claim 45 wherein 

of row and one set of '''A&iitSn conductive' strips are, 
provided side-by-skle while retaining the corre- 
sponding cHstar^es betw^ a pads at 
the regular p^em. : 

48. A module for a flat-screen television display 
as described in Clairn n 46 wherein a cobir filter is 
positioned adjacent the first major surface of each 
substrate such that color television Irnages can be 

" displayed*- . ■ \* ...... 

49* A flat-screen television display as de- 
^ribed^ 39 
wherein the desired video image Is sirnultaneousiy 
and sequentiaJly presented by the electrical control 
circuit to the electrical drive circuit of each module. 



50. A flat-screen television display as de- 
scribed in Claims 1, 8, 15, 20. 25> 32 and 39 

, .wherein , that portion gf ^the desired video image 
corresponding to one module is fed sequentially to 

.5 the,, electrical drive circuit of that module from the 
;^ el^trical'contrpl circuit while at the same time alt 
the rriodules aire being driven in paraJlei. 

51. A flat-screen television display as de- 
V;.|' t ... scribed in Claims 1, 8, 15, 20, 25, 32 and 39 
io ^ wherein Jtyee^^ comprises a 

..decoder /pircuit . afnd ''^"dmage ir prpcessbr and 
t . t - v Vherein/each electrical, drive circuit comprises a 
' ' ' ' plurality of. analog and .digital switches for activating 

the Switching elements in response to sequential 
Vs signals from the,. image processor simultaneously 

fed to each electrical drive circuit 

52. A flat-screen television display as de- 
scribed in. Claim 51 wherein the image processor 

^ //^urtfier emprises: *' ^ J. 
20 an andpg-to-digrtal converter, for transforming an 
' analog video signal to a digital signal which can be 
easily stored; £ memory for . storing^one frame of 
the video signfrf In digital form; a digitaMo-analog 
v converter for generating an analog video signal for 
2S each module; and a timing and control Circuit for 
~* ' \;">jimltaned : usly ; directing diffensrit portions' of the 
analog video signal to each module. 

53. A flat-screen color television display as 
; r described in Claim 52 wherein the number of 
30 ^alog^D-digitat converters OTitesponds to the 

^ nwrnber of colore in the display arKi there are two 
# m&mp^ color. 
\ V " 54J A flftf-sb^en television "dispiay , 'as de- 
u 'scribed in Clafon 53^whertfn tirww Js; piW' dlgital-to- 
39 analog converter for each ^irViodule^ , 
^ ' ''■ 5& A flat-ecree* television . display as de- 
' : scribed In Claim 51 wherein analog switches ac- 
1 tiyke ^ colittiuv condtic^;^ digital switches 
^ ^'aicth^'tf* itwir tonduc^ switching eie- 

^'* x ' f mental' '""7 " ;V "'V '.' ' 

' : ^- ::X ''s& A flat-screen television display as de- 
! f* r Scribed In Claim ^ 55 wherein there are three times 
:X ' ryt as many/ digital switches 'as anafog switches. 

57; A flat-screen television display as de- 
46 scribed in Claim 55 wherein there ate three times 
c as fhany analog switches as digital switches! 
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® Modular flat-screen television displays and modules and circuit drtves therefor. 



@ A modular flat-screen television display having a 
large area image can be made using an array of 
modules of easily manufectu^ size and prefer- 
ably removable. The image on each module extends 
to the edge of the module so that when placed in the 
array there is no substantial Interruption in the televi- 
sion imag* since the cflstance between modules Is 
the sam^ wJ» <fislBr^M^n picture elements 
within tf^mcxWeife Cohtrbi and drive di^itry ^ 
able eactrmo^Nr tfr b* driven at the sam« time, 
thereby decfeSw^ther time It takef to refresh the 
entire dtep^l7j»modulee contain picture elements 
which may be amiss**, reflective or tansmSsaive. 
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